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Abstract 


Aerobiology is a scientific discipline that focuses on investigating biological par- 
ticles (bioaerosols) passively transported in the atmosphere, mainly fungal spores 
and pollen grains. Due to the allergic and pathogenic properties of these particles, 
aerobiological data is widely used in allergology, plant pathology, and agriculture. 
In addition, the results of aerobiological monitoring have found applications in 
biogeography, paleoecology, forestry, veterinary medicine, forensic science, and 
climate change research, as well as in the assessment of threats to the deterioration 
of cultural heritage. In this review, the contribution of Polish scientists to the 
development of worldwide aerobiology is presented. The most important results 
on the atmospheric dispersion of bioaerosols, spatiotemporal modeling, and novel 
methods used in aerobiological research are described. Moreover, the cooperation 
at the national and international levels as part of scientific programs and the per- 
spectives for further development of aerobiology in Poland are discussed. 


Keywords 
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1. How it all started? 


The monitoring of pollen grains in the air was initiated in England by Charles Blackley, 
who linked the presence of pollen in the atmosphere to the severity of allergy reactions 
(Blackley, 1873). Over the following decades, aerobiological research spread rapidly 
in Europe, gaining importance, especially in allergology (Weryszko-Chmielewska, 
2007). In Poland, the first indication that airborne pollen analysis may have practical 
implications in medicine was provided by Dr. Mieczystaw Obtutowicz (Jagiellonian 
University, Krakow). His pioneering work (Obtulowicz, 1939) presented the first 
phenological calendars of allergenic plants from Krakéw and provided information 
about pollen morphology and its transport in the atmosphere. In the years 1960- 
1979, short-term aerobiological studies were set up in several Polish cities, includ- 
ing Krakow, Rabka, Warszawa, Bydgoszcz, and Lodz (Szczepanek, 2006; Spiewak, 
2001). The first analysis of fungal spore content in the air was conducted in Rabka 
and Krakow in 1960 (Weiss, 1962). Although these analyses were carried out using 
gravimetric methods and usually did not cover a long period, they provided the first 
data on the temporal and spatial variation in the content of airborne allergens in 
Poland. Great contributions to the promotion of this research were made by two 
Polish allergists, ie., Dr. Edward Zawisza and Dr. Krzysztof Buczytko (Buczytko & 
Wnuk, 1979; Zawisza, 1974). The use of Hirst-type (Hirst, 1952) volumetric devices 
for aerobiological monitoring in Poland was initiated in 1987 in Rabka. A year later, 


Acta Societatis Botanicorum Poloniae / 2023 / Volume 92 / Article 172278 1 


Publisher: Polish Botanical Society 


Grewling et al. / Aerobiology in Poland 


on J 
55°N hp 
54°N 4 
Olsztyn 
53°N 4 OBydgoszcz stok 
@Poznan 
— OWarszawa 
O2Zielona G. Orcas 
OPiotrkow T. 
sien Ciwrociaw @ubii 
OOpole 
@Sosnowiec 
50°N 4 @krakow @Rzes row 
ORabka-Zdr6j 
4oN; 7 ~—Ss «200 km 


T T T 
14°E 16°E 18°E 20°E 22°E 24°E 


Figure 1 Location of aerobiological stations based on Hirst-type volumetric trap 
(Note: red dots — stations belonging to Polish Aerobiological Network, yellow dots - 
stations operated by Allergen Research Center, grey dots — non-active stations). 


volumetric monitoring was started in Krakow and Lodz. In the same year, the Allergen 
Research Center led by Dr. Piotr Rapiejko was established in Lodz (currently in 
Warszawa) (Spiewak, 2003). 


Among the pioneers of aerobiological research in Poland, one should mention Prof. 
Jadwiga Dyakowska (Jagiellonian University, Krakow), who already in the 1930s 
conducted classic experiments on the pollen settling velocity (Dyakowska, 1937). 
Prof. Kazimierz Szczepanek (Jagiellonian University, Krakow) and Prof. Matgorzata 
Latalowa (University of Gdansk) have contributed immensely to the development 
of Polish aerobiology by promoting this field of science in the Polish scientific com- 
munity, publishing articles (Latalowa & Gora, 1996a, 1996b; Obtutowicz et al., 1991; 
Szczepanek, 1994a), organizing pollen workshops, and supervising and reviewing 
many doctoral dissertations in the field of aerobiology. Thanks to Prof. Kazimierz 
Szczepanek, who started continuous aerobiological monitoring in Krakow in 1982 
(Szczepanek, 1994b), the city now owns the longest aerobiological database in Poland 
and one of the longest in Europe. It is also worth mentioning Dr. Alicja Stach (Adam 
Mickiewicz University in Poznan), who in 1992 initiated aerobiological monitoring in 
Poznan (Stach, 2000; Stach & Silny, 1996, 1999), firstly with the gravimetric method, 
and from 1996 with the standard volumetric method of the Hirst design (Hirst, 1952). 
In 2003, she organized the first European Course on Basic Aerobiology in Poznan, 
Poland, under the auspices of the International Association for Aerobiology (IAA). 
In addition, she was the main organizer of several other international aerobiological 
courses in Poland (Stepalska et al., 2011). The development of aerobiological research 
in Poznan, and Poland as a whole, benefitted greatly from the European Union’s Marie 
Curie Actions Development Scheme (i.e, AEROTOP project) in collaboration with 
the Universidad de Cérdoba (Spain) and University of Worcester (UK) (Smith et al., 
2007, 2008; Stach et al., 2007a, 2008). 


In the following years, new pollen monitoring centers were established in many 
cities, ie., Rzeszow (1997), Sosnowiec (1997), Lublin (2001), Szczecin (2003), Lédz 
(2003), Wroclaw (2003) and Piotrkéw Trybunalski (2005) (Szczepanek, 2006). Some 
of these research units have been cooperating for many years with the Polish Aerobio- 
logical Network (PAN) (http://www.aero.cm-uj.krakow.pl) (Figure 1) and European 
Aeroallergen Network (EAN) (https://www.polleninfo.org). Both platforms present 
current forecasts for allergy sufferers and practical preventive tips for people with 
pollen allergies. Finally, it is worth emphasizing that in 2005, the Aerobiological 
Section was established as part of the Polish Botanical Society (the first Sections’ Chair 
was Prof. Elzbieta Weryszko-Chmielewska from the University of Life Sciences in 
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Lublin). Currently, the Section brings together over 20 scientists from all over Poland 
(Grewling, 2022). 


2. Bioaerosols in the outdoor air 
2.1. Pollen concentrations — Variation and impacts of climate 


Thanks to many years of pollen monitoring and the huge amount of collected data, 
Polish aerobiologists obtained comprehensive information on the spatiotemporal 
variation in pollen seasons in Poland as well as the role of both climatic and meteoro- 
logical factors in shaping the pattern of pollen seasons. In general, it has been shown 
that pollen seasons in Poland start earlier and last longer than just a few decades ago. 
Such trends have been observed, e.g., in Tilia (Weryszko-Chmielewska et al., 2019), 
Quercus (Grewling et al., 2014a), Rumex, Poaceae, and Urticaceae (Bogawski et al., 
2014). The study conducted in Lublin revealed that Amaranthaceae pollen seasons 
began two weeks earlier than 19 years ago (Piotrowska-Weryszko et al., 2021). In addi- 
tion, in most of the analyzed plants, a significant increase in the seasonal airborne 
pollen concentration was observed in Poland (Ziello et al., 2012). For instance, the 
seasonal cumulative load of pollen in Krakow increased on average by 9.0% per year 
(Ziska et al., 2019). However, in several herbaceous taxa, e.g., Artemisia (Bogawski 
et al., 2014) and Amaranthaceae (Piotrowska-Weryszko et al., 2021), reduced pollen 
production has been documented in Poland. 


Most of these changes can be explained by recent climate changes. For instance, it has 
been shown that high air temperature before flowering causes an earlier start of pollen 
seasons for such plants as hazel (Corylus sp.) (Dabrowska-Zapart & NiedZwiedz, 2020; 
Grewling et al., 2014b; Malkiewicz et al., 2016), alder (Alnus sp.) (Dabrowska-Zapart 
et al., 2018), birch (Betula sp.) (Grewling et al., 2012a; Piotrowska & Kubik-Komar, 
2012), maple (Acer sp.) (Weryszko-Chmielewska et al., 2016), ash (Fraxinus sp.) 
(Kubik-Komar et al., 2018), oak (Quercus sp.) (Grewling et al., 2014a; Kasprzyk, 2009), 
lime tree (Tilia sp.) (Weryszko-Chmielewska et al., 2019), Poaceae (Myszkowska, 
2014; Stach et al., 2008), and Amaranthaceae (Piotrowska-Weryszko et al., 2021). 


In contrast, intensive rainfall recorded before flowering positively affects pollen pro- 
duction in herbaceous species, which results in higher pollen levels during the season. 
Such effect has been observed, e.g., for Artemisia (Stach et al., 2007a). In turn, periods 
of drought delay and weaken the intensity of the Artemisia pollen season (Bogawski 
et al., 2014; Grewling et al., 2012b). Similar relationships between meteorological 
conditions and pollen season intensity have also been noted for grasses in Poland. 
It was revealed that hot and dry summers, as well as cold and rainy summers, are not 
the optimal condition for grass pollen production (Myszkowska, 2014). 


The impact of meteorological conditions on daily pollen concentration is very com- 
plex as many factors may act differently on airborne pollen level. In general, it has been 
however shown that an increase in daily air temperature often correlates positively 
with higher concentrations of airborne pollen grains in most allergenic taxa (Borycka 
& Kasprzyk, 2014; Dabrowska-Zapart et al., 2018; Dabrowska-Zapart & Niedzwiedz, 
2020; Grewling et al., 2019b; Kubik-Komar et al., 2018; Weryszko-Chmielewska et al., 
2006). On the other hand, rainfall (recorded during the pollen season) often decreases 
pollen concentrations in the air, potentially due to the “washout” effect. As revealed 
by Polish researchers, the intensity of precipitation is, however, the dominant control 
on pollen concentrations. Kluska et al. (2020) showed that pollen concentrations only 
decreased clearly under rainfall intensities of at least 5 mm h“!. 


2.2. Fungal spore concentrations — Variation and impacts of climate 


Similarly to allergenic pollen grains, the presence of fungal spores in the air is a 
threat to public health (Horner et al., 1995). Moreover, fungal spores are also essential 
pathogens of crops, fruits, and vegetables, causing significant losses in the agricultural, 
vineyard, and gardening industries (Dean et al., 2012; Jedryczka, 2014; Martinez- 
Bracero et al., 2020). In Poland, the most important aeromycological research centers 
are the Institute of Plant Genetics, the Polish Academy of Science in Poznan, the 
University of Szczecin, and Jagiellonian University in Krakéw. In addition, important 
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indoor fungal research is conducted at the Central Institute for Labour Protection 
- National Research Institute (CIOP-PIB) in Warszawa. The concentration of fungal 
spores in the air results from the interaction between biological and environmental 
factors. In Poland, the length and intensity of the spore season of many fungal taxa, 
such as Alternaria, Cladosporium, Drechslera, Torula, Botrytis, Erysiphe, Epicoccum 
and Didymella, depends primarily on the daily air temperature and relative humidity 
(Grewling et al., 2019b; Grinn-Gofron, 2014; Grinn-Gofron & Bosiacka, 2015; Grinn- 
Gofron et al., 2019; Grinn-Gofron & Rapiejko, 2009; Martinez-Bracero et al., 2020; 
Stepalska et al., 2012; Stepalska & Wolek, 2009). The highest concentration of these 
spores is often recorded in summer (June-August) (Kasprzyk et al., 2015). In contrast, 
the highest concentrations of Aspergillus and Penicillium were noted in September, 
October, and November (Grinn-Gofron, 2011), while spores of pathogenic fungi of 
grapevine, e.g., Plasmopara viticola and Erysiphe necator, dominate in the air during 
May and June (Martinez-Bracero et al., 2020). An increase in the concentration 
of Alternaria and Cladosporium spores was also observed before a thunderstorm 
when air temperature and ozone concentration increased (Grinn-Gofron & Strzel- 
czak, 2013). It was also revealed that warm and dry weather during the sporulation 
season accelerates and elongates Cladosporium spore seasons in Poland (Kasprzyk 
et al., 2016). Finally, based on long-term aeromycological studies in Poznan (1998- 
2014), it was shown that an increase in average air temperature and precipitation 
between July-November resulted in an acceleration of the appearance of spores of 
Leptosphaeria maculans-L. biglobosa species complex in the air. This, in turn, greatly 
influences the severity of stem canker of oilseed rape caused by these fungal species 
(Dawidziuk et al., 2011; Kaczmarek et al., 2016). 


2.3. Bioaerosols modeling and forecasting 


The results of aerobiological studies are important not only from a purely biological 
point of view but can find applications in spatio-temporal modeling of pollen and 
spore concentrations, which is intensively developed in Poland (Bilinska et al., 2017; 
Nowosad et al., 2015, 2016, 2018; Werner et al., 2018, 2021). Such models can pre- 
dict future changes in the course of pollen and spore seasons, which is particularly 
important in allergic prophylaxis. In addition, from an agricultural point of view, it is 
also important to predict the severity of fungal spore seasons accurately. Polish scien- 
tists made a significant contribution to the development of such forecasting models 
using diverse modeling techniques (e.g., multivariate regression trees, classification 
models, growing degree methods, and artificial neural networks) (Grinn-Gofron et al., 
2019; Grinn-Gofron & Strzelczak, 2009; Kasprzyk, 2009; Kasprzyk et al., 2011a). For 
instance, long-term and short-term forecast models for grass pollen have been con- 
structed in Poznan (Stach et al., 2008). The forecast models predicted the start of the 
grass pollen season within two days and achieved 61% and 70% accuracy. Satisfactory 
results were also achieved in the case of forecasting the start day of the oak pollen 
season in Rzesz6w, especially using the modeling technique based on the indicator 
taxa (Kasprzyk, 2009). Some of the constructed models predict not only daily but 
also hourly variation in bioaerosol concentrations, e.g., as was shown in Szczecin for 
Alternaria and Cladosporium spores (Grinn-Gofron & Strzelczak, 2009). Worth to add 
that Poland runs the System for Forecasting Disease Epidemics SPEC - one of the most 
extensive systems based on aerobiological methods - aiming to forecast the risk of 
stem canker of oilseed rape. The system is based on the estimation of Leptosphaeria 
maculans and L. biglobosa ascospores concentration in the air. Airborne spores that 
form inoculum responsible for disease epidemics allow for predicting the risk of yield 
losses and their quality (Jedryczka, 2014). 


2.4. Sources and pathways of bioaerosols dispersal 


Airborne pollen grains can be transported in the atmosphere at various distances 
depending on factors such as the strength and direction of the wind, regional and 
local topography, vegetation type, air turbulence, convection, and sea-land breezes 
(Gassmann et al., 2002; Grewling et al., 2022; Pauling et al., 2020; Szczepanek, 2003). 
Polish aerobiologists contributed significantly to understanding the dispersion of 
pollen grains in the atmosphere, often using advanced modelling techniques, e.g., 
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Figure 2 Atmospheric long-distance transport of pollen grains in Poland. Data based on: 
Betula (birch) (Bogawski et al., 2019a, Skjoth et al., 2007, 2015), Ambrosia (ragweed) 
(Grewling et al., 2016, 2019b, Sikoparija et al., 2013, Kasprzyk et al., 2011b, Stach et al., 
2007b), Alnus (alder) (Skjoth et al., 2015), and Pinus (pine) (Szczepanek et al., 2017). 


air mass back trajectory and particle dispersion modelling (Werner et al., 2021). 
Atmospheric dispersion of pollen grains over Poland has been studied for such taxa as 
birch (Betula sp.) (Bogawski et al., 2019a; Myszkowska et al., 2021; Skjoth et al., 2007), 
alder (Alnus sp.) (Skjoth et al., 2015), and Pinaceae (Szczepanek et al., 2017) (Figure 2). 
Bogawski et al. (2019a) revealed that birch pollen from north-eastern Europe could 
be transported to Poland after the flowering period of local birch populations, while 
Myszkowska et al. (2021) showed that, under favorable synoptic conditions, birch 
pollen could arrive from southern Europe concomitantly with Saharan dust. Analyses 
by Szczepanek et al. (2017) confirmed that atmospheric transport of pine pollen could 
be expected before the local pollen season in southern Poland. 


Significant findings concern the long-distance transport of highly allergenic pollen 
of ragweed (Ambrosia). It is an invasive plant that spreads throughout Europe and 
produces vast amounts of small and light pollen (Essl et al., 2015). Polish studies con- 
ducted in close cooperation with researchers from European centers confirmed that 
ragweed pollen: (i) reaches Poland most often from southern (Pannonian Plain) and 
eastern (Ukraine) Europe (Biliriska et al., 2017; Kasprzyk et al., 2011b; Sikoparija et al., 
2013; Smith et al., 2008; Stach et al., 2007b; Stepalska et al., 2020), (ii) after traveling 
several hundred km, it is still immunoreactive (Grewling et al., 2016), and (iii) is often 
transported with other hazardous airborne particles, e.g., particulate matters from 
Silesia, fungal spores from Pannonian Plain and dust from Sahara desert (Grewling 
et al., 2019a). Cross-sectional studies on the spread of Ambrosia artemisiifolia pollen 
in Europe also include the experience of Polish scientists (Sikoparija et al., 2017). 


The atmospheric transport of fungal spores was investigated less frequently by Pol- 
ish aerobiologists than pollen transport. However, an occurrence of atypically high 
concentrations of spores has been linked to remote sources for such taxa as Cladospo- 
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rium, Alternaria (Grewling et al., 2019a, 2022), Ganoderma (Sadys et al., 2014), and 
Leptoshaeria (Grinn-Gofron et al., 2016). 


2.5. Relationship between phenology and bioaerosols concentration 


The presence of bioaerosols in a certain location is not only the result of the flower- 
ing/sporulation of local populations but can also be modified by other phenomena, 
such as long-distance transport and re-suspension of bioaerosols. Therefore, there is 
often a mismatch between the timing of bioaerosols release and their concentration in 
the air. To better understand this phenomenon, joint phenological and aerobiological 
studies are required. Although aeromycological research is rare, there are plenty of 
Polish studies that examine the relationship between flowering and the course of 
pollen seasons, e.g., for tree species such as Alnus glutinosa, Alnus incana (Dabrowska 
& Kaszewski, 2012; Kasprzyk, 2003; Pidek, 2007; Stepalska et al., 2016), Corylus 
avellana (Puc & Kasprzyk, 2013; Stepalska et al., 2016), Betula pendula (Kasprzyk, 
2003), Populus wilsonii, Ulmus laevis, Salix caprea, Aesculus hippocastanum and Tilia 
cordata (Stach, 2006). In addition, observations of the flowering of several species of 
herbaceous plants in relation to airborne pollen were conducted in Szczecin (Kruczek 
& Puc, 2012). 


The comparative analysis of flowering phenology and pollen seasons allows the iden- 
tification of species that have the most significant impact on pollen abundance. For 
instance, in Lublin, it has been shown that among four species of Acer (maple tree), 
A. negundo and A. platanoides are responsible for the majority of Acer pollen in the 
air (Weryszko-Chmielewska et al., 2016). In contrast, among 10 lime tree species, 
Tilia cordata was the most important pollen contributor (Dabrowska et al., 2016). 
The pollen production and flowering phenology of three Artemisia species have been 
compared to airborne pollen season in Poznan (Bogawski et al., 2016). The results 
of this study showed that A. vulgaris is the most important pollen source in the first 
part of the season, whereas A. campestris is the major pollen contributor during late 
summer (especially in the outskirts of the city). The linkage between airborne pollen 
data and the phenological observations of silver birch (Betula pendula) resulted in 
the construction of an accurate model for predicting the timing of flowering in a 
heterogeneous city area of Poznan (Bogawski et al., 2019b). Phenological observations 
of Alnus glutinosa, Corylus avellana, and Betula pendula conducted in Poland were 
also included in project No. NN305 321936, financed by the Ministry of Science 
and Higher Education, to develop forecasting models for predicting spatiotemporal 
variation in tree pollination (Nowosad et al., 2015, 2016, 2018). 


3. Bioaerosols in the indoor air 


In contrast to pollen grains, the presence of fungal spores indoor may often be high 
enough to cause health problems. Indoor fungal spores are also extremely important 
in the context of the protection of cultural heritage (biodeterioration). For instance, 
the indoor monitoring in the Regional Museum in Rzeszow revealed high microor- 
ganism biodiversity (both fungal spores and bacteria) in the historical depots of the 
museum. The most common fungus was Penicillium expansum, while the most com- 
mon bacteria were Micrococcus luteus/lylae and Staphylococcus warneri (Grabek-Lejko 
et al., 2017). Aerobiological studies were also carried out in salt mines such as Bochnia 
(Fraczek et al., 2013) and Wieliczka (Myszkowska et al., 2019), emphasizing that 
microorganisms in the air of salt chambers seem to be related to the biological material 
carried in by patients and staff. The microbial quality of the working environment was 
assessed in office buildings with different ventilation systems, showing that effectively 
working and regularly maintained mechanical ventilation or air-conditioning systems 
ensure better hygienic quality in the office buildings than natural/gravitational venti- 
lation (Gotofit-Szymczak & Gérny, 2010, 2018). 


4. New approaches in bioaerosols analysis 


Traditionally, monitoring of pollen and fungal spores in the air was carried out using 
both gravimetric and volumetric methods. The first of them was widely used in 
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Poland at the turn of the 20th and 21st centuries (Kasprzyk, 1999; Puc, 2006; Puc 
& Puc, 2004), especially in remote areas where access to power supply was limited, 
e.g., in forests and mountains (Kaszewski et al., 2008; Pidek et al., 2006; Pidek, 2007; 
Stepalska et al., 2002). These studies provided valuable data on the modern deposition 
of pollen, which can be used in the reconstruction of the structure and composition 
of vegetation and climate in the past (Pidek et al., 2009). However, the gravimetric 
method does not allow measuring the number of particles in a given volume of air. 
Therefore it is now much less used than the volumetric method. Standard aerobio- 
logical monitoring is predominantly based on a 7-day volumetric trap of the Hirst 
design (Hirst, 1952) and light microscopic analysis of bioaerosols. Unfortunately, 
such a setup also has some limitations. For instance, due to the high morphological 
similarity, many pollen grains and fungal spores cannot be linked accurately to species 
or genus levels. Therefore, modern molecular research methods are increasingly used 
to analyze aerobiological samples. In Poland, the real-time PCR technique was suc- 
cessfully applied to identify two important fungal pathogens of oilseed rape (Brassica 
napus L.), i.e., L. maculans and L. biglobosa, which have identical spore shape and size 
(Grinn-Gofron et al., 2016; Kaczmarek et al., 2009). The fungi were identified using 
dual-labeled fluorescent probes that were targeted to a B-tubulin gene fragment of 
either Leptosphaeria species (Jedryczka, 2014). Identification of pollen grains has been 
performed using different analytic methods, i.e., Fourier transforms infrared (FTIR) 
spectroscopy (Depciuch et al., 2016; Kasprzyk et al., 2018). These results indicated 
that the pollen grains of Betula pubescens and B. pendula have similar chemical 
compositions, but the pollen of B. humilis is outlaying. It has been emphasized that 
FTIR spectroscopy is sufficient for accurate, fast, and cost-effective identification 
of pollen. Recently, the imaging flow cytometry technique was also applied for the 
identification of pollen grains from Betulaceae, Oleaceae, Urticaceae, and Asteraceae 
families (Gierlicka et al., 2022). 


In recent years, increasingly more attention has been paid to analyzing sub-pollen (and 
sub-spore) particles in ambient air (Buters et al., 2012, 2015; Galan et al., 2013; Gorny, 
2012; Gorny et al., 2002; Grewling et al., 2019c). These tiny particles may also contain 
allergenic proteins but are not recognizable under a light microscope. Therefore, more 
advanced analytical and monitoring methods are required. Aerobiological monitoring 
coupled with immunoenzymatic analysis (ELISA) focused on detecting allergens in 
different air fractions has been run for almost two decades in Poznan within two 
European projects (MONALISA-ENV/F/000068 and HIALINE-20081107) and four 
national projects (NN404015439, 2011/03/D/NZ7/06224, 2013/09/D/NZ7/00358, 
and 2020/39/B/ST10/01554). The results of these projects have shown that the content 
of the main pollen grains allergens is subject to strong spatio-temporal variation. For 
instance, across Europe, the same amount of grass pollen can release variable amounts 
of allergen ranging from less than one to nine pg of Phl p 5 per pollen, and this 
difference varies per location in Europe and during the pollen season (Buters et al., 
2015). The species-specific differences in pollen allergenicity were also observed in 
Poznan with respect to Artemisia pollen grains (Grewling et al., 2020a). It has been 
shown that the pollen of A. campestris contains 60% more Art v 1 (the major Artemisia 
pollen allergen) than A. vulgaris pollen. In Krakow, high differences in the content of 
the birch pollen allergens (Bet v 1, Bet v 2, Bet v 6, and Bet v 7) have been observed 
in pollen collected from differently polluted areas, and a significant increase in Bet 
v 1 amount was noticed in the sites with the highest pollution level (Ziemianin et al., 
2021). The seasonal variation in the level of Alternaria spores allergen (Alt a 1) has 
also been documented (Grewling et al., 2019c). Alt a 1 has been found in different 
air fractions (PM > 10, PM2.5-10, and PM0.12-2.5), suggesting that apart from intact 
Alternaria spores, other airborne particles could also be a source of Alt a 1 (Grewling 
et al., 2020b). 


Besides ELISA, the FTIR spectroscopy technique has been used to investigate changes 
in pollen proteins (Depciuch et al., 2017). For instance, it was found that in south- 
eastern Poland, in areas exhibiting low pollution, hazel pollen contains a lower amount 
of proteins. Significant differences in the spectra regions corresponding to proteins 
have been observed in mugwort pollen grains collected from sites with different pollu- 
tion levels (Depciuch et al., 2016). Moreover, air pollution induced structural changes 
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in macromolecules of Artemisia pollen by increasing the content of sporopollenin and 
decreasing the polysaccharide level. 


In Poland, traditional volumetric monitoring of bioaerosols is increasingly often sup- 
plemented with state-of-the-art techniques, such as remote sensing and geospatial 
technology (e.g., satellite data) (Bogawski et al., 2019a, 2019b), sophisticated statistical 
modelling (Werner et al., 2018, 2021) or investment in automatic monitoring samplers 
(e.g., in University of Rzeszow). The latter could be a breakthrough in aerobiological 
research by providing real-time information on bioaerosols, which can be immedi- 
ately used, e.g., in allergy prophylaxis or crop protection. 


5. What is the future of Polish aerobiology? 


Polish aerobiologists are an important part of the European aerobiological family. 
They published more than 260 papers (based on the Scopus database), significantly 
increasing the knowledge about pollen grains and fungal spore production and dis- 
persion in the atmosphere (Figure 3). During the past years, published papers have 
increased, especially in fields such as molecular aerobiology, aeromycology, and sta- 
tistical modeling of aerobiological data. All analyzed articles (n = 260) were cited more 
than 6,300 times (based on the Scopus database), and approximately 30% of these 
papers were prepared in cooperation with European scientists. Among the closest 
collaborators are researchers from the UK (21.7%), Spain (9.6), and Serbia (6.0%) 
(Figure 4). 


The contribution of Polish scientists to the development of aerobiology is recognized 
at both national and international levels. Representatives of Polish aerobiological 
centers have participated in several European projects, e.g., MONALISA (Monitoring 
Network of Allergens by Immuno-Sampling), HIALINE (Health Impacts of Airborne 
Allergen Information Network), and actions of European Cooperation in Science 
& Technology (COST ES0603, COST FA 1230, and COST CA18226). Within these 
projects, the novel techniques for examining airborne allergens were tested, e.g., using 
Coriolis and Chemvol samplers (Buters et al., 2012, 2015). The research groups in 
Krakow, Lodz and Lublin have actively participated in the Copernicus Atmosphere 
Monitoring Service CAMS_23 (https://www.regional.atmosphere.copernicus.eu), of 
which one of the main goals is to develop advanced models to predict the risk of pollen 
allergy in Europe. 


Polish scientists have taken part in numerous conferences, workshops (Basic and 
Advanced Aerobiology Course), and international programs. They organize impor- 
tant aerobiological congresses (e.g., the 5th European Symposium on Aerobiology 
was held in Krakow in 2012) and co-organize European workshops and courses. Most 
importantly, they also participate in the decision-making structures of aerobiological 
associations. Dr. Dorota Myszkowska (Jagiellonian University, Krakow), who coor- 
dinates the Polish Aerobiology Network, is the President of the IAA (2018-2022), 
while Dr. Lukasz Grewling (AMU, Poznan) is the IAA Newsletter Editor (2018- 
2022). The board of the European Aerobiology Society (EAS) includes Dr Agnieszka 
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Figure 3 Research topics raised by Polish aerobiologists in scientific articles (n = 260, based on Scopus database). 
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Figure 4 Percentage of papers published by Polish aerobiologists in cooperation with 
European scientists (n = 260, based on Scopus database). 


Grinn-Gofron (University of Szczecin), who is also a member of two EAS Working 
Groups. Polish scientists also cooperate intensively with allergy centers and med- 
ical societies, primarily the European Academy of Allergy and Clinical Immunol- 
ogy - within the “Aerobiology and Pollution” Working Group (https://www.eaaci. 
org), which combines pollen exposure and air pollution. So far, two aerobiological 
monographs (Weryszko-Chmielewska, 2006, 2014) and one comprehensive textbook 
“Aerobiologia” (Weryszko-Chmielewska, 2007), have been published in Poland. 


We can confidently say that the achievements and numerous current activities are 
certainly promising in terms of further development of aerobiology in Poland. Indeed, 
some areas of research require further intensive efforts. For example, greater attention 
should be paid to incorporating molecular methods in aerobiology and developing a 
nationwide system for predicting bioaerosols concentration, similar to COSMO-ART 
in Switzerland (Pauling et al., 2020). Investment in state-of-art real-time automatic 
monitoring systems is also necessary. There is still a lot of work ahead of us, but that 
makes research interesting, and aerobiological research, with its vast applicability in 
medicine, agriculture, and cultural heritage protection, is certainly worth it. 


References 


Bilinska, D., Skjoth, C. A., Werner, M., Kryza, M., Malkiewicz, M., Krynicka, J., & 
Drzeniecka-Osiadacz, A. (2017). Source regions of ragweed pollen arriving in 
south-western Poland and the influence of meteorological data on the HYSPLIT model 
results. Aerobiologia, 33(3), 315-326. https://doi.org/10.1007/s10453-017-9471-9 

Blackley, C. H. (1873). Experimental researches on the cause and nature of catarrhus aestivus 
(hay-fever or hay). Balliere, Tindall and Cox. 

Bogawski, P., Borycka, K., Grewling, L., & Kasprzyk, I. (2019a). Detecting distant sources of 
airborne pollen for Poland: Integrating back-trajectory and dispersion modelling with a 
satellite-based phenology. Science of the Total Environment, 689, 109-125. 
https://doi.org/10.1016/j.scitotenv.2019.06.348 

Bogawski, P., Grewling, L., & Fratczak, A. (2016). Flowering phenology and potential pollen 
emission of three Artemisia species in relation to airborne pollen data in Poznan 
(Western Poland). Aerobiologia, 32, 265-276. 
https://doi.org/10.1007/s10453-015-9397-z 


Acta Societatis Botanicorum Poloniae / 2023 / Volume 92 / Article 172278 9 


Publisher: Polish Botanical Society 


Grewling et al. / Aerobiology in Poland 


Bogawski, P., Grewling, L., & Jackowiak, B. (2019b). Predicting the onset of Betula pendula 
flowering in Poznan (Poland) using remote sensing thermal data. Science of the Total 
Environment, 658, 1485-1499. https://doi.org/10.1016/j.scitotenv.2018.12.295 

Bogawski, P., Grewling, L., Nowak, M., Smith, M., & Jackowiak, B. (2014). Trends in 
atmospheric concentrations of weed pollen in the context of recent climate warming in 
Poznan (Western Poland). International Journal of Biometeorology, 58(8), 1759-1768. 
https://doi.org/10.1007/s00484-013-0781-5 

Borycka, K., & Kasprzyk, I. (2014). Evaluation of the effect of weather on concentrations of 
airborne Artemisia pollen using circular statistic. Acta Agrobotanica, 67(1), 3-14. 
https://doi.org/10.5586/aa.2014.015 

Buczytko, K., & Wnuk, M. (1979). Analiza palinologiczna dynamiki wystepowania pylk6w 
roslin w Lodzi [Palynological analysis of the dynamics of plant pollen occurrence in 
Ldédz]. Otolaryngologia Polska, 3(3), 265-272. 

Buters, J., Thibaudon, M., Smith, M., Kennedy, R., Rantio Lehtimaki, A., Albertini, R., Reese, 
G., Weber, B., Galan, C., Brandao, R., Antunes, C., Jager, S., Berger, U., Celenk, S., 
Grewling, L., Jackowiak, B., Sauliene, I., Weichenmeier, I., Pusch, G., ... Cecchi, L. 
(2012). Release of Bet v 1 from birch pollen from 5 European countries. Results from 
the HIALINE study. Atmospheric Environment, 55, 496-505. 
https://doi.org/10.1016/j.atmosenv.2012.01.054 

Buters, J., Prank, M., Sofiev, M., Pusch, G., Albertini, R., Annesi-Maesano, I., Antunes, C., 
Behrendt, H., Berger, U., Bandao, R., Celenk, S., Galan Soldevilla, C., Grewling, L., 
Jackowiak, B., Kennedy, R., Rantio Lehtimaki, A., Resse, G., Sauliene, I., Smith, M., ... 
Cecchi, L. (2015). Variation of the group 5 grass pollen allergen content of airborne 
pollen in relation to geographic location and time in season. Journal of Allergy and 
Clinical Immunology, 136(1), 87-95.e6. https://doi.org/10.1016/j.jaci.2015.01.049 

Dawidziuk, A., Kaczmarek, J., Podlesna, A., Kasprzyk, I., & Jedryczka, M. (2011). Influence of 
meteorological parameters on Leptosphaeria maculans and L. biglobosa spore release in 
central and eastern Poland. Grana, 51, 240-248. 
https://doi.org/10.1080/00173134.2011.649016 

Dabrowska, A., & Kaszewski, B. M. (2012). The relationship between flowering phenology and 
pollen seasons of Alnus Miller. Acta Agrobotanica, 65(2), 57-66. 
https://doi.org/10.5586/aa.2012.058 

Dabrowska, A., Piotrowska-Weryszko, K., Weryszko-Chmielewska, E., & Sawicki, R. (2016). 
Flowering phenology of the selected linden (Tilia L.) taxa in relation to pollen season. 
Journal of Apicultural Science, 60(2), 193-207. https://doi.org/10.1515/jas- 2016-0030 

Dabrowska-Zapart, K., Chlopek, K., & Niedzwiedz, T. (2018). The impact of meteorological 
conditions on the concentration of alder pollen in Sosnowiec (Poland) in the years 
1997-2017. Aerobiologia, 4, 469-485. https://doi.org/10.1007/s10453-018-9524-8 

Dabrowska-Zapart, K., & NiedZwiedz, T. (2020). The impact of weather conditions on hazel 
pollen concentration in Sosnowiec (Poland) in 1997-2019. Aerobiologia, 36, 697-713. 
https://doi.org/10.1007/s10453-020-09661-9 

Dean, R., Van Kan, J. A. L., Pretorius, Z. A. Hammond-Kosack, K. E., Di Pietro, A., Spanu, P. 
D., Rudd, J. J., Dickman, M., Kahmann, R., Ellis, J., & Foster, G. D. (2012). The Top 10 
fungal pathogens in molecular plant pathology. Molecular Plant Pathology, 13(4), 
414-430. https://doi.org/10.1111/j.1364-3703.2011.00783.x 

Depciuch, J., Kasprzyk, I., Roga, E., & Parliiska-Wojtan, M. (2016). Analysis of morphological 
and molecular composition changes in allergenic Artemisia vulgaris L. pollen under 
traffic pollution using SEM and FTIR spectroscopy. Environmental Science and 
Pollution Research, 23(22), 23203-23214. https://doi.org/10.1007/s11356-016-7554-8 

Depciuch, J., Kasprzyk, I., Sadik, O., & Parliniska-Wojtan, M. (2017). FTIR analysis of 
molecular composition changes in hazel pollen from unpolluted and urbanized areas. 
Aerobiologia, 33(1), 1-12. https://doi.org/10.1007/s10453-016-9445-3 

Dyakowska, J. (1937). Researches on the rapidity of the falling down of pollen of some trees. 
Bulletin international de l!Académie des sciences de Cracovie, Serie B. Sciences Naturelles, 
1, 155-168. 

Essl, E, Biro, K., Brandes, D., Broennimann, O., Bullock, J. M., Chapman, D. S., Chauvel, B., 
Dullinger, S., Fumana, B., Guisan, A., Karrer, G., Kazinczi, G., Kueffer, C., Laitung, B., 
Lavoie, C., Leitner, M., Mang, T., Moser, D., Muller-Scharer, H., ... Follak, S. (2015). 
Biological flora of the British Isles: Ambrosia artemisiifolia. Journal of Ecology, 104, 

1069-1098. https://doi.org/10.1111/1365-2745.12424 

Fraczek, K., Gorny, R. L., & Ropek, D. (2013). Bioaerosols of subterraneotherapy chambers at 
salt mine health resort. Aerobiologia, 29, 481-493. 
https://doi.org/10.1007/s10453-013-9298-y 

Galan, C., Antunes, C., Brandao, R., Torres, C., Garcia-Mozo, H., Caeiro, E., Ferro, R., Prank, 
M., Sofiev, M., Albertini, R., Berger, U., Cecchi, L., Celenk, S., Grewling, L., Jackowiak, 
B., Jager, S., Kennedy, R., Rantio-Lehtimaki, A., Reese, G., ... Buters, J. T. M. (2013). 


Acta Societatis Botanicorum Poloniae / 2023 / Volume 92 / Article 172278 10 


Publisher: Polish Botanical Society 


Grewling et al. / Aerobiology in Poland 


Airborne olive pollen counts are not representative of exposure to the major olive 
allergen Ole e 1. Allergy, 68, 809-812. https://doi.org/10.1111/all.12144 

Gassmann, M. I., Perez, C. E, & Gardiol, J. M. (2002). Sea-land breeze in a coastal city and its 
effect on pollen transport. International Journal of Biometeorology, 46(3), 118-125. 
https://doi.org/10.1007/s00484-002-0135-1 

Gierlicka, I., Kasprzyk, I., & Wnuk, M. (2022). Imaging flow cytometry as a quick and effective 
identification technique of pollen grains from Betulaceae, Oleaceae, Urticaceae and 
Asteraceae. Cells, 11(4), Article 598. https://doi.org/10.3390/cells11040598 

Golofit-Szymczak, M., & Gérny, R. L. (2010). Bacterial and fungal aerosols in air-conditioned 
office buildings in Warsaw, Poland-The winter season. International Journal of 
Occupational Safety and Ergonomics, 16(4), 465-476. 
https://doi.org/10.1080/10803548.2010.11076861 

Golofit-Szymczak, M., & Gorny, R. L. (2018). Microbiological air quality in office buildings 
equipped with dventilation systems. Indoor Air, 28(6), 792-805. 
https://doi.org/10.1111/ina.12495 

Gorny, R. L. (2012). Microbial fragments as hidden indoor contaminants. Allergology and 
Immunology, 9(2-3), 135-138. 

Gorny, R. L., Reponen, T., Willeke, K., Schmechel, D., Robine, E., Boissier, M., & Grinshpun, 
S. A. (2002). Fungal fragments as indoor air biocontaminants. Applied and Environment 
Microbiology, 68(7), 3522-3531. https://doi.org/10.1128/AEM.68.7.3522-3531.2002 

Grabek-Lejko, D., Tekiela, A., & Kasprzyk, I. (2017). Risk of biodeterioration of cultural 
heritage objects, stored in the historical and modern repositories in the Regional 
Museum in Rzeszow (Poland). A case study. International Biodeterioration & 
Biodegradation, 123, 46-55. https://doi.org/10.1016/j.ibiod.2017.05.028 

Grewling, L. (2022). Sekcja Aerobiologiczna. In A. Mostowska, A. Rostanski, & A. Mikula 
(Eds.), Polskie Towarzystwo Botaniczne w setng rocznice powstania (1922-2022) 

(pp. 552-561). Polskie Towarzystwo Botaniczne. 
https://doi.org/10.5586/978-83-963503- 1-2_11-14 

Grewling, L., Jackowiak, B., Nowak, M., Uruska, A., & Smith, M. (2012a). Variations and 
trends of birch pollen seasons during 15 years (1996-2010) in relation to weather 
conditions in Poznan (western Poland). Grana, 51(4), 280-292. 
https://doi.org/10.1080/00173134.2012.700727 

Grewling, L., Sikoparija, B., Skjoth, C. A., Radisic, P., Apatini, D., Magyar, D., Paldy, A., 
Yankova, R., Sommer, J., Kasprzyk, I., Myszkowska, D., Uruska, A., Zimny, M., Puc, M., 
Jager, S., & Smith, M. (2012b). Variation in Artemisia pollen seasons in Central and 
Eastern Europe. Agricultural and Forest Meteorology, 160, 48-59. 
https://doi.org/10.1016/j.agrformet.2012.02.013 

Grewling, L., Jackowiak, B., & Smith, M. (2014a). Variations in Quercus sp. pollen seasons 
(1996-2011) in Poznan, Poland, in relation to meteorological parameters. Aerobiologia, 
30(2), 149-159. https://doi.org/10.1007/s10453-013-9313-3 

Grewling, L., Jenerowicz, D., Nowak, M., Polanska, A., Jackowiak, B., Czarnecka-Operacz, M., 
& Smith, M. (2014b). Clinical relevance of Corylus pollen in Poznan, western Poland. 
Annals of Agricultural and Environmental Medicine, 21(1), 64-69. 

Grewling, L., Bogawski, P., Jenerowicz, D., Czarnecka-Operacz, M., Sikoparija, B., Skjoth, C. 
A., & Smith, M. (2016). Mesoscale atmospheric transport of ragweed pollen allergens 
from infected to uninfected areas. International Journal of Biometeorology, 60(10), 
1493-1500. https://doi.org/10.1007/s00484-016-1139-6 

Grewling, L., Bogawski, P., Kryza, M., Magyar, D., Sikoparija, B., Skjoth, C. A., Udvardy, O., 
Werner, M., & Smith, M. (2019a). Concomitant occurrence of anthropogenic air 
pollutants, mineral dust and fungal spores during long-distance transport of ragweed 
pollen. Environmantal Pollution, 254(Part A), Article 112948. 
https://doi.org/10.1016/j.envpol.2019.07.116 

Grewling, L., Fratczak, A., Kostecki, L., Nowak, M., Szymaniska, A., & Bogawski, P. (2019b). 
Biological and chemical air pollutants in an urban area of central Europe: Co-exposure 
assessment. Aerosol and Air Quality Research, 19, 1526-1537. 
https://doi.org/10.4209/aaqr.2018. 10.0365 

Grewling, L., Nowak, M., Szymanska, A., Kostecki, L., & Bogawski, P. (2019c). Temporal 
variability in the allergenicity of airborne Alternaria spores. Medical Mycology, 4, 
403-411. https://doi.org/10.1093/mmy/myy069 

Grewling, L., Bogawski, P., Kostecki, L., Nowak, M., Szymanska, A., & Fratczak, A. (2020a). 
Atmospheric exposure to the major Artemisia pollen allergen (Art v 1): Seasonality, 
impact of weather, and clinical implications. Science of the Total Environment, 713, 
Article 136611. https://doi.org/10.1016/j.scitotenv.2020.136611 

Grewling, L., Bogawski, P., Szymanska, A., Nowak, M., Kostecki, L., & Smith, M. (2020b). 
Particle size distribution of the major Alternaria alternata allergen, Alt a 1, derived 


Acta Societatis Botanicorum Poloniae / 2023 / Volume 92 / Article 172278 11 
Publisher: Polish Botanical Society 


Grewling et al. / Aerobiology in Poland 


from airborne spores and subspore fragments. Fungal Biology, 124, 219-227. 
https://doi.org/10.1016/j.funbio.2020.02.005 

Grewling, L., Magyar, D., Chtopek, K., Grinn-Gofron, A., Gwiazdowska, J., Siddiquee, A., 
Ianovici, N., Kasprzyk, I., Wojcik, M., Laffersova, J., Majkowska-Wojciechowska, B., 
Myszkowska, D., Rodinkova, V., Bortnyk, M., Malkiewicz, M., Piotrowska-Weryszko, 
K,, Sulborska-Rdézycka, A., Rybnicek, O., Scevkova, J., ... Bogawski, P. (2022). 
Bioaerosols on the atmospheric super highway: An example of long distance transport 
of Alternaria spores from the Pannonian Plain to Poland. Science of the Total 
Environment, 819, Article 153148. https://doi.org/10.1016/j.scitotenv.2022.153148 

Grinn-Gofron, A. (2011). Airborne Aspergillus and Penicillium in the atmosphere of Szczecin, 
(Poland) (2004-2009). Aerobiologia, 27(1), 67-76. 
https://doi.org/10.1007/s10453-010-9177-8 

Grinn-Gofron, A. (2014). Wieloletnie badania nad rodzajami Alternaria, Cladosporium i 
Ganoderma w Szczecinie (2004-2013) [Long-term studies on the genera Alternaria, 
Cladosporium and Ganoderma in Szczecin (2004-2013)]. In E. Weryszko-Chmielewska 
(Ed.), Ziarna pytku i zarodniki grzybow w powietrzu réznych regiondéw Polski. Polskie 
Towarzystwo Botaniczne, Wydawnictwo Norbertinum. 

Grinn-Gofron, A., & Bosiacka, B. (2015). Effects of meteorological factors on the composition 
of selected fungal spores in the air. Aerobiologia, 31(1), 63-72. 
https://doi.org/10.1007/s10453-014-9347-1 

Grinn-Gofron, A., Nowosad, J., Bosiacka, B., Camacho, I., Pashley, C., Belmonte, J., De 
Linares, C., Ianovici, N., Maya Manzano, J. M., Sadys, M., Skjoth, C. A., Rodinkova, V., 
Tormo-Molina, R., Vokou, D., Fernandez-Gonzalez, D., & Damialis, A. (2019). 
Airborne Alternaria and Cladosporium fungal spores in Europe: Forecasting 
possibilities and relationships with meteorological parameters. Science of the Total 
Environment, 653, 938-946. https://doi.org/10.1016/j.scitotenv.2018.10.419 

Grinn-Gofron, A., & Rapiejko, P. (2009). Occurrence of Cladosporium spp. and Alternaria spp. 
spores in Western, Northern and Central-Eastern Poland in 2004-2006 and relation to 
some meteorological factors. Atmospheric Research, 93, 747-758. 
https://doi.org/10.1016/j.atmosres.2009.02.014 

Grinn-Gofron, A., Sadys, M., Kaczmarek, J., Bednarz, A., Pawlowska, S., & Jedryczka, M. 
(2016). Back-trajectory modelling and DNA-based species-specific detection methods 
allow tracking of fungal spore transport in air masses. Science of the Total Environment, 
571, 658-669. https://doi.org/10.1016/j.scitotenv.2016.07.034 

Grinn-Gofron, A., & Strzelczak, A. (2009). Hourly predictive artificial neural network and 
multivariate regression tree models of Alternaria and Cladosporium spore 
concentrations in Szczecin (Poland). International Journal of Biometeorology, 53(6), 
555-562. https://doi.org/10.1007/s00484-009-0243-2 

Grinn-Gofron, A., & Strzelczak, A. (2013). Changes in concentration of Alternaria and 
Cladosporium spores during summer storms. International Journal of Biometeorology, 
57(5), 759-768. https://doi.org/10.1007/s00484-012-0604-0 

Hirst, J. M. (1952). An automatic volumetric spore trap. Annals of Applied Biology, 39, 
257-265. https://doi.org/10.1111/j.1744-7348.1952.tb00904.x 

Horner, W. E., Helbing, A., Salvaggio, J. E., & Lehrer, S. B. (1995). Fungal allergens. Clinical 
Microbiology Reviews, 8(2), 161-179. https://doi.org/10.1128/CMR.8.2.161 

Jedryczka, M. (2014). Aeromycology: Studies of fungi in aeroplankton. Folia Biologica et 
Oecologica, 10, 18-26. https://doi.org/10.2478/fobio- 2014-0013 

Kaczmarek, J., Jedryczka, M., Fitt, B. D. L., Lucas, J. A., & Latunde-Dada, A. O. (2009). 
Analyses of air samples for ascospores of Leptosphaeria maculans and L. biglobosa by 
light microscopy and molecular techniques. Journal of Applied Genetics, 50(4), 
411-419. https://doi.org/10.1007/BF03195702 

Kaczmarek, J., Kedziora, A., Brachaczek, A., Latunde-Dada, A. O., Dakowska, S., Karg, G., & 
Jedryczka, M. (2016). Effect of climate change on sporulation of the teleomorphs of 
Leptosphaeria species causing stem canker of brassicas. Aerobiologia, 32, 39-51. 
https://doi.org/10.1007/s10453-015-9404-4 

Kasprzyk, I. (1999). Comparative analysis of pollen fall at three sites in south-eastern Poland. 
Annals of Agricultural and Environmental Medicine, 6(1), 73-79. 

Kasprzyk, I. (2003). Flowering phenology and airborne pollen grains of chosen tree taxa in 
Rzeszéw (SE Poland). Aerobiologia, 19, 113-120. 
https://doi.org/10.1023/A:1024406819444 

Kasprzyk, I. (2009). Forecasting the start of Quercus pollen season using several methods - 
The evaluation of their efficiency. International Journal of Biometeorology, 53(4), 
345-353. https://doi.org/10.1007/s00484-009-0221-8 

Kasprzyk, I., Depciuch, J., Grabek-Lejko, M., & Parlinska-Wojtan, M. (2018). FTIR-ATR 
spectroscopy of pollen and honey as a tool for unifloral honey authentication. The case 


Acta Societatis Botanicorum Poloniae / 2023 / Volume 92 / Article 172278 12 


Publisher: Polish Botanical Society 


Grewling et al. / Aerobiology in Poland 


study of rape honey. Food Control, 84, 33-40. 
https://doi.org/10.1016/j.foodcont.2017.07.015 

Kasprzyk, L., Grinn-Gofron, A., Strzelczak, A., & Wolski, T. (2011a). Hourly predictive 
artificial neural network and multivariate regression trees models of Ganoderma spore 
concentrations in Rzeszow and Szczecin (Poland). Science of the Total Environment, 
409(5), 949-956. https://doi.org/10.1016/j.scitotenv.2010.12.002 

Kasprzyk, I., Kaszewski, B., Weryszko-Chmielewska, E., Nowak, A., Sulborska, A., Kaczmarek, 
J., Szymanska, A., Haratym, W., & Jedryczka, M. (2016). Warm and dry weather 
accelerates and elongates Cladosporium spore seasons in Poland. Aerobiologia, 32, 
109-126. https://doi.org/10.1007/s10453-016-9425-7 

Kasprzyk, I., Myszkowska, D., Grewling, L., Stach, A., Sikoparija, B., Skjoth, C. A., & Smith, M. 
(2011b). The occurrence of Ambrosia pollen in Rzeszéw, Krakow and Poznan, Poland: 
Investigation of trends and possible transport of Ambrosia pollen from Ukraine. 
International Journal of Biometeorology, 55(4), 633-644. 
https://doi.org/10.1007/s00484-010-0376-3 

Kasprzyk, I., Rodinkova, V., Sauliene, I., Ritenberga, O., Grinn-Gofron, A., Nowak, M., 
Sulborska, A., Kaczmarek, J., Weryszko-Chmielewska, E., Bilous, E., & Jedryczka, M. 
(2015). Air pollution by allergenic spores of the genus Alternaria in the air of central 
and eastern Europe. Environmental Science and Pollution Research, 22, 9260-9274. 
https://doi.org/10.1007/s11356-014-4070-6 

Kaszewski, B. M., Pidek, I. A., Piotrowska, K., & Weryszko-Chmielewska, E. (2008). Annual 
pollen sums of Alnus in Lublin and Roztocze in the years 2001-2007 against selected 
meteorological parameters. Acta Agrobotanica, 61(2), 57-64. 
https://doi.org/10.5586/aa.2008.033 

Kuska, K., Piotrowicz, K., & Kasprzyk, I. (2020). The impact of rainfall on the diurnal 
patterns of atmospheric pollen concentrations. Agricultural and Forest Meteorology, 
291, Article 108042. https://doi.org/10.1016/j.agrformet.2020.108042 

Kruczek, A., & Puc, M. (2012). Phenology of flowering and pollen release of selected 
herbaceous plants in Szczecin and Gudowo (Western Pomerania) and the risk of pollen 
allergy. Acta Agrobotanica, 65(4), 49-60. https://doi.org/10.5586/aa.2012.021 

Kubik-Komar, A., Piotrowska-Weryszko, K., Weryszko-Chmielewska, E., & Kaszewski, B. M. 
(2018). Analysis of Fraxinus pollen seasons and forecast models based on 
meteorological factors. Annals of Agricultural and Environmental Medicine, 25(2), 
285-291. https://doi.org/10.26444/aaem/80909 

Latalowa, M., & Gora, M. (1996a). Aeropalinologia - badania zawiesiny pytku w powietrzu 
[Aeropalynology - Study of pollen suspension in the air]. Wiadomosci Botaniczne, 
40(2), 29-37. 

Latalowa, M., & Gora, M. (1996b). Airborne allergenic pollen in the atmosphere of the 
Gdansk-Gdynia area (results for the period 1994-1995). Annals of Agriculture and 
Environmental Medicine, 3(2), 109-114. 

Malkiewicz, M., Drzeniecka-Osiadacz, A., & Krynicka, J. (2016). The dynamics of the Corylus, 
Alnus, and Betula pollen seasons in the context of climate change (SW Poland). Science 
of the Total Environment, 573, 740-750. https://doi.org/10.1016/j.scitotenv.2016.08.103 

Martinez-Bracero, M., Gonzalez-Fernandez, E., Wéjcik, M., Alcazar, P., Fernandez-Gonzalez, 
M., Kasprzyk, I., Rodriguez-Rajo, F. J., & Galan, C. (2020). Airborne fungal 
phytopathological spore assessment in three European vineyards from different 
bioclimatic areas. Aerobiologia, 36, 715-729. 
https://doi.org/10.1007/s10453-020-09664-6 

Myszkowska, D. (2014). Poaceae pollen in the air depending on the thermal conditions. 
International Journal of Biometeorology, 58, 975-986. 
https://doi.org/10.1007/s00484-013-0682-7 

Myszkowska, D., Kostrzon, M., Dyga, W., Kedzierska, J., Namyst, M., Stanisz, A., Zagorska, 
M., Ziemianin, M., Obtutowicz, K., & Czarnobilska, E. (2019). Bioaerosol of salt 
chambers in the “Wieliczka Salt Mine, Poland. Aerobiologia, 35, 297-311. 
https://doi.org/10.1007/s10453-019-09561-7 

Myszkowska, D., Piotrowicz, K., Ziemianin, M., Bastl, M., Berger, U., Dahl, A., 
Dabrowska-Zapart, K., Gorecki, A., Laffersova, J., Majkowska-Wojciechowska, B., 
Malkiewicz, M., Nowak, M., Puc, M., Rybnicek, O., Saarto, A., Sauliene, I., Scevkova, J., 
Kofol Seliger, A., Sikoparija, B., ... Czarnobilska, E. (2021). Unusually high birch 
(Betula spp.) pollen concentrations in Poland in 2016 related to long-range transport 
(LRT) and the regional pollen occurrence. Aerobiologia, 37, 543-559. 
https://doi.org/10.1007/s10453-021-09703-w 

Nowosad, J., Stach, A., Kasprzyk, I., Chlopek, K., Dabrowska-Zapart, K., Grewling, L., 
Latalowa, M., Pedziszewska, A., Majkowska-Wojciechowska, B., Myszkowska, D., 
Piotrowska- Weryszko, K., Weryszko-Chmielewska, E., Puc, M., Rapiejko, P., & Stosik, 
T. (2018). Statistical techniques for modeling of Corylus, Alnus, and Betula pollen 


Acta Societatis Botanicorum Poloniae / 2023 / Volume 92 / Article 172278 13 
Publisher: Polish Botanical Society 


Grewling et al. / Aerobiology in Poland 


concentration in the air. Aerobiologia, 34, 301-313. 
https://doi.org/10.1007/s10453-018-9514-x 

Nowosad, J., Stach, A., Kasprzyk, I., Grewling, L., Latalowa, M., Puc, M., Myszkowska, D., 
Weryszko-Chmielewska, E., Piotrowska-Weryszko, K., Chiopek, K., 
Majkowska-Wojciechowska, B., & Uruska, A. (2015). Temporal and spatiotemporal 
autocorrelation of daily concentrations of Alnus, Betula, and Corylus pollen in Poland. 
Aerobiologia, 31, 159-177. https://doi.org/10.1007/s10453-014-9354-2 

Nowosad, J., Stach, A., Kasprzyk, I., Weryszko-Chmielewska, E., Piotrowska-Weryszko, K., 
Puc, M., Grewling, L., Pedziszewska, A., Uruska, A., Myszkowska, D., Chtopek, K., & 
Majkowska-Wojciechowska, B. (2016). Forecasting model of Corylus, Alnus, and Betula 
pollen concentration levels using spatiotemporal correlation properties of pollen count. 
Aerobiologia, 32(3), 453-468. https://doi.org/10.1007/s10453-015-9418-y 

Obtutowicz, K., Szczepanek, K., Radwan, J., Grzywacz, M., Adamus, K., & Szczeklik, A. 
(1991). Correlation between airborne pollen incidence, skin prick tests and serum 
immunoglobulins in allergic people in Cracow, Poland. Grana, 30(1), 136-141. 
https://doi.org/10.1080/00173139109427787 

Obtutowicz, M. (1939). O niezycie pytkowym [About pollen rhinitis]. Biologia Lekarska, 3, 
217-268. 

Pauling, A., Clot, B., Menzel, A., & Jung, S. (2020). Pollen forecasts in complex topography: 
Two case studies from the Alps using the numerical pollen forecast model 
COSMO-ART. Aerobiologia, 36, 25-30. https://doi.org/10.1007/s10453-019-09590-2 

Pidek, I. A. (2007). Nine-year record of Alnus pollen deposition in the Roztocze Region [SE 
Poland] with relation to vegetation data. Acta Agrobotanica, 60(2), 57-64. 
https://doi.org/10.5586/aa.2007.031 

Pidek, I. A., Filbrandt-Czaja, A., Noryskiewicz, A. M., Noryskiewicz, B., & Rasanen, S. (2009). 
New methods applied to interpretations of pollen data in the Holocene - Selected 
examples from the last decade. Ecological Questions, 11, 49-64. 
https://doi.org/10.12775/v10090-009-0018-8 

Pidek, I. A., Weryszko-Chmielewska, E., & Piotrowska, K. (2006). Comparison of pollen 
concentration of selected tree taxa in Lublin and in the Roztocze region [SA 
Poland]-The results of three monitoring methods. Acta Agrobotanica, 59(1), 355-364. 
https://doi.org/10.5586/aa.2006.037 

Piotrowska, K., & Kubik-Komar, A. (2012). The effect of meteorological factors on airborne 
Betula pollen concentrations in Lublin (Poland). Aerobiologia, 28, 467-479. 
https://doi.org/10.1007/s10453-012-9249-z 

Piotrowska-Weryszko, K., Weryszko-Chmielewska, E., Sulborska, A., Konarska, A., Dmitruk, 
M., & Kaszewski, B. M. (2021). Amaranthaceae pollen grains as indicator of climate 
change in Lublin (Poland). Environmental Research, 193, Article 110542. 
https://doi.org/10.1016/j.envres.2020.110542 

Puc, M. (2006). Ragweed and mugwort pollen in Szczecin, Poland. Aerobiologia, 22(1), 67-78. 
https://doi.org/10.1007/s10453-005-9010-y 

Puc, M., & Kasprzyk, I. (2013). The patterns of Corylus and Alnus pollen seasons and 
pollination periods in two Polish cities located in different climatic regions. 
Aerobiologia, 29, 495-511. https://doi.org/10.1007/s10453-013-9299-x 

Puc, M., & Puc, M. I. (2004). Allergenic airborne grass pollen in Szczecin, Poland. Annals of 
Agricultural and Environmental Medicine, 11(2), 237-244. 

Sadys, M., Skjoth, C. A., & Kennedy, R. (2014). Back-trajectories show export of airborne 
fungal spores (Ganoderma sp.) from forests to agricultural and urban areas in England. 
Atmospheric Environment, 84, 88-99. https://doi.org/10.1016/j.atmosenv.2013.11.015 

Sikoparija, B., Skjoth, C. A., Alm Kubler, K., Dahl, A., Sommer, J., Grewling, L., Radisic, P., & 
Smith, M. (2013). A mechanism for long distance transport of Ambrosia pollen from 
the Pannonian Plain. Agricultural and Forest Meteorology, 180, 112-117. 
https://doi.org/10.1016/j.agrformet.2013.05.014 

Sikoparija, B., Skjoth, C. A., Celenk, S., Testoni, C., Abramidze, T., Alm Kubler, K., Belmonte, 
J., Berger, U., Bonini, M., Charalampopoulos, A., Damialis, A., Clot, B., Dahl, A., de 
Weger, L. A., Gehrig, R., Hendrickx, M., Hoebeke, L., Ianovici, N., Kofol Seliger, A., ... 
Smith, M. (2017). Spatial and temporal variations in airborne Ambrosia pollen in 
Europe. Aerobiologia, 33, 181-189. https://doi.org/10.1007/s10453-016-9463- 1 

Skjoth, C. A., Bilinska, D., Werner, M., Malkiewicz, M., Adams-Groom, B., Kryza, M., & 
Drzeniecka-Osiadacz, A. (2015). Footprint areas of pollen from alder (Alnus) and birch 
(Betula) in the UK (Worcester) and Poland (Wroclaw) during 2005-2014. Acta 
Agrobotanica, 68(4), 315-324. https://doi.org/10.5586/aa.2015.044 

Skjoth, C. A., Sommer, J., Stach, A., Smith, M., & Brandt, J. (2007). The long range transport of 
birch (Betula) pollen from Poland and Germany causes significant pre-season 
concentrations in Denmark. Clinical and Experimental Allergy, 37, 1204-1212. 
https://doi.org/10.1111/j.1365-2222.2007.02771.x 


Acta Societatis Botanicorum Poloniae / 2023 / Volume 92 / Article 172278 14 
Publisher: Polish Botanical Society 


Grewling et al. / Aerobiology in Poland 


Smith, M., Emberlin, J., Stach, A., Czarnecka-Operacz, M., Jenerowicz, D., & Silny, W. (2007). 
Regional importance of Alnus pollen as an aeroallergen: A comparative study of Alnus 
pollen counts from Worcester (UK) and Poznan (Poland). Annals of Agricultural and 
Environmental Medicine, 14(1), 123-128. 
https://doi.org/10.1097/01.WOX.0000301387.88063.5b 

Smith, M., Skjoth, C. A., Myszkowska, D., Uruska, A., Puc, M., Stach, A., Balwierz, Z., 
Chlopek, K., Piotrowska, K., Kasprzyk, I., & Brandt, J. (2008). Long-range transport of 
Ambrosia pollen to Poland. Agriculture and Forest Meteorology, 148(10), 1402-1411. 
https://doi.org/10.1016/j.agrformet.2008.04.005 

Stach, A. (2000). Variation in pollen concentration of the most allergenic taxa in Poznan 
(Poland), 1995-1996. Aerobiologia, 16, 63-68. 
https://doi.org/10.1023/A:1007603019797 

Stach, A. (2006). The phenology of flowering and fluctuations of airborne pollen 
concentrations of selected trees in Poznan, 2003-2004. Acta Agrobotanica, 59(1), 
301-308. https://doi.org/10.5586/aa.2006.031 

Stach, A., Garcia-Mozo, H., Prieto-Baena, J. C., Czarnecka-Operacz, M., Jenerowicz, D., Silny, 
W., & Galan, C. (2007a). Prevalence of Artemisia species pollinosis in western Poland: 
Impact of climate change on aerobiological trends, 1995-2004. Journal of 
Investigational Allergology and Clinical Immunology, 17(1), 39-47. 

Stach, A., & Silny, W. (1996). Pollen calendar for selected allergenic taxa for Poznan and 
neighbourhood (1992-1996). Annals of Agricultural and Environmental Medicine, 3, 
1-3. 

Stach, A., & Silny, W. (1999). Pytek z dalekiego transportu w aeroplanktonie Poznania w latach 
1995-1997 (wybrane taksony alergeogenne) [Pollen from long-distance transport in 
the aeroplankton of Poznan in 1995-1997 (selected allergeogenic taxa)]. Bibliotheca 
Fragmenta Agronomica, 6, 209-216. 

Stach, A., Smith, M., Prieto Baena, J. C., & Emberlin, J. (2008). Long-term and short-term 
forecast models for Poaceae (grass) pollen in Poznan, Poland, constructed using 
regression analysis. Environmental and Experimental Botany, 62, 323-332. 
https://doi.org/10.1016/j.envexpbot.2007.10.005 

Stach, A., Smith, M., Skjoth, C. A., & Brandt, J. (2007b). Examining Ambrosia pollen episodes 
at Poznan (Poland) using back-trajectory analysis. International Journal of 
Biometeorology, 51, 275-286. https://doi.org/10.1007/s00484-006-0068-1 

Stepalska, D., Grinn-Gofron, A., & Piotrowicz, K. (2012). Occurrence of Didymella ascospores 
in western and southern Poland in 2004-2006. Aerobiologia, 28(2), 153-159. 
https://doi.org/10.1007/s10453-011-9218-y 

Stepalska, D., Myszkowska, D., Piotrowicz, K., & Kasprzyk, I. (2016). The phenological phases 
of flowering and pollen seasons of spring flowering tree taxa against a background of 
meteorological conditions in Krakow, Poland. Acta Agrobotanica, 65(2), Article 1678. 
https://doi.org/10.5586/aa.1678 

Stepalska, D., Myszkowska, D., Piotrowicz, K., Kluska, K., Chlopek, K., Grewling, L., 
Laffersova, J., Majkowska-Wojciechowska, B., Malkiewicz, M., Piotrowska-Weryszko, 
K,, Puc, M., Rodinkova, V., Rybnicek, O., Scevkova, J., & Voloshchuk, K. (2020). High 
Ambrosia pollen concentrations in Poland respecting the long distance transport 
(LDT). Science of the Total Environment, 736, Article 139615. 
https://doi.org/10.1016/j.scitotenv.2020.139615 

Stepalska, D., Szczepanek, K., & Myszkowska, D. (2002). Variation in Ambrosia pollen 
concentration in Southern and Central Poland in 1982-1999. Aerobiologia, 18(1), 
13-22. https://doi.org/10.1023/A:1014926216282 

Stepalska, D., Szczepanek, K., & Myszkowska, D. (2011). In memoriam: Alicja Stach 
(1951-2009): A dedicated aerobiologist. Aerobiologia, 27, 91-95. 
https://doi.org/10.1007/s10453-010-9180-0 

Stepalska, D., & Wolek, J. (2009). Intradiurnal periodicity of fungal spore concentrations 
(Alternaria, Botrytis, Cladosporium, Didymella, Ganoderma) in Cracow, Poland. 
Aerobiologia, 25, 333-340. https://doi.org/10.1007/s10453-009-9137-3 

Szczepanek, K. (1994a). Pollen calendar for Cracow (southern Poland), 1982-1991. 
Aerobiologia, 10(1), 65-70. https://doi.org/10.1007/BF02066749 

Szczepanek, K. (1994b). Pollen fall in Krakow in 1983-1990. In B. Obrebska-Starkel (Ed.), The 
effect of weather and climatic conditions on pollen fall. Zeszyty Naukowe UJ, Prace 
Geograficzne z. 97 (pp. 9-22). Prace Instytutu Geograficznego UJ. 

Szczepanek, K. (2003). Wytwarzanie i rozprzestrzenianie spor i ziarn pytku [Production and 
dispersion of spores and pollen grains]. In $. Dybova-Jachowicz & A. Sadowska (Eds.), 
Palinologia (pp. 16-28). Instytut Botaniki im. W. Szafera, Polska Akademia Nauk. 

Szczepanek, K. (2006). Historia badan wystepowania i koncentracji pytku roslin i zarodnikéw 
grzybow w powietrzu w Polsce [History of research on the occurrence and 
concentration of pollen and fungal spores in the air of Poland]. 


Acta Societatis Botanicorum Poloniae / 2023 / Volume 92 / Article 172278 15 
Publisher: Polish Botanical Society 


Grewling et al. / Aerobiology in Poland 


In E. Weryszko-Chmielewska (Ed.), Pytek roslin w aeroplanktonie réznych regiondw 
Polski (1st ed., pp. 7-12). Katedra i Zaklad Farmakognozji z Pracownia Roslin 
Leczniczych. 

Szczepanek, K., Myszkowska, D., Worobiec, E., Piotrowicz, K., Ziemianin, M., & 
Bielec-Bakowska, Z. (2017). The long-range transport of Pinaceae pollen: An example 
in Krakéw (southern Poland). Aerobiologia, 33, 109-125. 
https://doi.org/10.1007/s10453-016-9454-2 

Spiewak, R. (2001). Monitoring pytkowy — jego znaczenie kliniczne w praktyce lekarza 
dermatologa i alergologa [Pollen monitoring - Its clinical importance in the practice of 
a dermatologist and allergist]. Przewodnik Lekarza, 3(27), 128-131. 

Spiewak, R. (2003). Palinologia w medycynie [Palynology in medicine]. 

In S. Dybova-Jachowicz & A. Sadowska (Eds.), Palinologia. Instytut Botaniki PAN. 

Weiss, A. (1962). Uber das Pilzsporenvorkommen in der Luft in Krak6éw und in Bad Rabka 
[About the occurrence of fungal spores in the air in Krakow and Rabka]. Allergie und 
Asthma, 8, 298-303. 

Werner, M., Guzikowski, J., Kryza, M., Malkiewicz, M., Bilinska, D., Skjoth, C. A., Rapiejko, P., 
Chiopek, K., Dabrowska-Zapart, K., Lipiec, A., Jurkiewicz, D., Kalinowska, E., 
Majkowska-Wojciechowska, B., Myszkowska, D., Piotrowska-Weryszko, K., Puc, M., 
Rapiejko, A., Siergiejko, G., Weryszko-Chmielewska, E., ... Ziemianin, M. (2021). 
Extension of WRF-Chem for birch pollen modelling - A case study for Poland. 
International Journal of Biometeorology, 65(4), 513-526. 
https://doi.org/10.1007/s00484-020-02045- 1 

Werner, M., Kryza, M., & Wind, P. (2018). High resolution application of the EMEP MSC-W 
model over Eastern Europe - Analysis of the EMEP4PL results. Atmospheric Research, 
212, 6-22. https://doi.org/10.1016/j.atmosres.2018.04.025 

Weryszko-Chmielewska, E. (Ed.). (2006). Pylek roslin w aeroplanktonie roznych regiondw 
Polski [Plant pollen in aeroplankton of various regions of Poland]. Katedra i Zaktad 
Farmakognozji z Pracownia Roslin Leczniczych Wydziatu Farmaceutycznego 
Akademii Medycznej. 

Weryszko-Chmielewska, E. (Ed.). (2007). Aerobiologia [Aerobiology]. Uniwersytet 
Przyrodniczy w Lublinie. 

Weryszko-Chmielewska, E. (Ed.). (2014). Ziarna pylku i zarodniki grzybow w powietrzu 
réznych regionow Polski [Pollen grains and fungal spores in the air of various regions of 
Poland]. Polskie Towarzystwo Botaniczne, Wydawnictwo Norbertinum. 

Weryszko-Chmielewska, E., Piotrowska-Weryszko, K., & Dabrowska, A. (2019). Response of 
Tilia sp. L. to climate warming in urban conditions - Phenological and aerobiological 
studies. Urban Forestry & Urban Greening, 43, Article 126369. 
https://doi.org/10.1016/j.ufug.2019.126369 

Weryszko-Chmielewska, E., Piotrowska-Weryszko, K., Haratym, W., Dmitruk, M., Sulborska, 
A., & Vorobets, N. (2016). Changes in the pollen seasons of Acer spp. in Lublin, 
central-eastern Poland, in 2001-2015. Acta Agrobotanica, 69(2), Article 1670. 
https://doi.org/10.5586/aa.1670 

Weryszko-Chmielewska, E., Puc, M., & Piotrowska, K. (2006). Effect of meteorological factors 
on Betula, Fraxinus and Quercus pollen concentrations in the atmosphere of Lublin and 
Szczecin, Poland. Annals of Agricultural and Environmental Medicine, 13, 243-249. 

Zawisza, E. (1974). Analiza aeroallergenu pylkowego w atmosferze Warszawy [Analysis of 
pollen aeroallergen in the atmosphere of Warsaw]. Otolaryngologia Polska, 28, 9-16. 

Ziello, C., Sparks, T. H., Estrella, N., Belmonte, J., Bergmann, K. C., Bucher, E., Brighetti, M. 
A., Damialis, A., Detandt, M., Galan, C., Gehrig, R., Grewling, L., Gutierrez, A. M., 
Hallsdottir, M., Kockhans-Bieda, M.-C., De Linares, C., Myszkowska, D., Paldy, A., 
Sanchez, A., ... Menzel, A. (2012). Changes to airborne pollen counts across Europe. 
PLoS ONE, 7(4), Article e34076. https://doi.org/10.1371/journal.pone.0034076 

Ziemianin, M., Waga, J., Czarnobilska, E., & Myszkowska, D. (2021). Changes in qualitative 
and quantitative traits of birch (Betula pendula) pollen allergenic proteins in relation to 
the pollution contamination. Environmental Science and Pollution Research, 28, 
39952-39965. https://doi.org/10.1007/s11356-021-13483-8 

Ziska, L. H., Makra, L., Harry, S. K., Bruffaerts, N., Hendricks, M., Coates, F., Saarto, A., 
Thibaudon, M., Oliver, G., Damialis, A., Charalampopoulos, A., Vokou, D., 
Heidmarsson, S., Gudjohnsen, E., Bonini, M., Oh, J. -W., Sullivan, K., Ford, L., Brooks, 
D., ... Crimmins, A. R. (2019). Temperature-related changes in airborne allergenic 
pollen abundance and seasonality across the northern hemisphere: A retrospective data 
analysis. The Lancet Planetary Health, 3(3), e124-e131. 
https://doi.org/10.1016/S2542-5196(19)30015-4 


Acta Societatis Botanicorum Poloniae / 2023 / Volume 92 / Article 172278 16 
Publisher: Polish Botanical Society 


